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SUMMARY 


An experimental InveBtigation of the aerodynamic characteristics of 
a fln-stahlllzed hody of revolution, designated as the EM- 10 , was made 
In the NACA Ames 1— hy 3 — ^oo'fc supersonic wind tixnnel No. 2 . Pressure 
distributions and force characteristics were determined for the body 
alone at Mach numbers of 1.52 and I.98. Force characteristics of the 
body— tall combination were determined at a Mach number of 1.98* Data are 
presented for Reynolds numbers of 8.6 and 17.^ millions, based on body 
length. 

Of the three theoretical methods used for prediction of the zero- 
lift pressure distribution for the body alone, the linearized theory of 
Jones n-nd Margolls (MCA TN IO81) was In best agreement with the exper- 
imental distribution over the forebody. Over the afterbody, the magni- 
tudes of the experimental pressure coefficients were in general less than 
predicted by theory. Except for the aft leeward regions of the body 
where flow separation occurred at hl^ angles of attack, the distribution 
of lifting pressure xra,s adeq.uately predicted by invlscid theory. (See, for 
example, MCA TN 2044 . ) The variation with angle of attack of the lift, 
foredrag Increment, and cent e3>-of— pressure position were much more 
accurately predicted by the method of Allen (MCA EM A9126) than by 
potential theory. 

Comparison of the experimental lift, foredrag, and pitching-moment 
characteristics of the body alone with the results of a similar inves- 
tigation In the Lewis 8— by 6— foot supersonic wind tunnel (MCA EM E5ODIO 
and MCA EM E 50 D 28 ) shows that for Mach numbers of 1.52 and I.98 there is 
little effect of Reynolds number on these characteristics within the 
Reynolds number range of 8.6 to 30 millions. Similar comparisons for the 
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"body— tail combination for a Macli number of I.98 shov tiiat, with the 
exception of the minimum foredrag, the effect on the force and moment 
characteristics of the increase in Beynolds number from 8.6 million to 
30 million is small. The minimum foredrag increases approximately 
16 percent with an increase in Reynolds nuinber from 17.^ million to 
30 million. 


IMTEOrfOCTION 


As a part of an Integrated program to assess the effects of Reynolds 
number on aerodynamic characteristics at supersonic speeds, tests are 
being conducted at Tarious MCA flight and wind-tunnel facilities on a 
fin-stabilized body of reTolution, designated as the RM- 10 . The first 
published results of wind-tunnel tests of an RM — 10 model were obtained 
in the 8— by 6-foot supersonic wind tunnel at the Lewis Laboratory at a 
Reynolds number of 30 million and for a Maoh number range of l.it -9 "fco 
1.98 (references 1 and 2 ). The present investigation was conducted in 
the Ames 1 — by 3~^oot supersonic wind tunnel Ifo. 2 with an H 4-10 model 
at Reynolds numbers of 8.6 and 17.4 millions and for Maoh numbers of 
1.52 and 1.98 for the body alone and I.98 for the body-tail combination. 

The purpose of this investigation was to determine the aerodynamic 
characteristics of the RM -10 configuration within the Maoh nmber and 
Reynolds number range available and to compare these experimental results 
with theory and with other experimental results. 


NOTATION 

A maximum cross-sectional area of the body, s<iuare Inches 

Ap body planr-f orm area, square inches 

c a constant 

cd section drag coefficient of a circular cylinder in terms 

° of the diameter 

/ total drag - base drag ^ 

Opp foredrag coefficient f qA / 



f 
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j foredrag coefficient at 0° angle of attack 

\ / (X=0 


ACDgi 


(°0a=o 


increment of foredrag coefficient Qdj.- J 

lift coefficient [ 

Ay 

pitcMng-moment coefficient atout the station of 
body diameter ( Pitching moment \ 

V ^ A1 J 

pressure coefficient f 1 

\^o J 

pressure coefficient at 0° angle of attack 


ACj 

L 

I 


lifting— pres 8^^re coefficient 
length of the "body, inches 


Cp - 


0=0 


axial distance from the "body nose to the TTw.Ti mirm "body 
diameter station, inches 


Mo 

free— stream Mach number 



P 

local static pressure, pounds 

per sq.Tiare inch 

Po 

free— stream static pressure. 

pounds 

per square inch 

4o 

free— stream dynamic pressure I 
sq.uare inch 

(5P0 

Mq^^j pounds per 


local hody radius at a station x distance from the nose. 
Inches 


R 


maximum hody radius, inches 
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Ee 

St 

X 




X 


p 


TOl 

a 

7 

e 



free-etream Eeynolds rrumfaer tased on tody length 

cross— eectlonal area of the hase of the "body, sq,uare inches 

distance from the nose measured along the longitudinal tody 
axis, inches 

distance from the nose to the center of moments, inches 

distance from the nose to the centroid of the plan-form 
area, inches 

total Tolume of the tody, cubic inches 

angle of attack, degrees 

ratio of the specific heats of air, taken as l.kO 

ratio of the drag coefficient of a circular cylinder of 
finite length to that of a cylinder of infinite length 

body cylindrical coordinate, degrees 


» 


APPABATDS 

h 


lEhis investigation was conducted in bhe Ames 1— by 3-foot super- 
sonic wind timnel No. 2, which is an intermittent— operation, nonreturn, 
variable-pressure wind tunnel. Ihe high-pressure air is obtained from 
the Ames 12-foot wind tunnel at a pressure of about six atmospheres and 
is expanded through the nozzle to the atmosphere. A change in Eeynolds 
number is obtained by varying the total pressure by means of a butterfly 
valve between the two tunnels. The nozzle is equipped with flexible top 
and bottom plates which can be shaped to give test— section Mach numbers 
in the range of 1.2 to k.O, The strain— geige balance and other tvmnel 
instrumentation used in this investigation are described in detail in 
reference 3- However, for this investigation the pitching moments were 
measured by means of a strain gage mounted on the supporting sting rather 
than by the method described in reference 3« 

A sketch of the l/l2— scale EM-10 missile, giving the important 
model dimensions and the equation for the parabolic-arc profile, is shown 
in figure 1. The fineness ratio of the closed body of revolution is 15 j 
however, to provide for the rocket jet in the free-f light models and 
sting mounting of the wind-tunnel models, the base was cut off at the 
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8l. 5-percent— length station, which resulted in a fineness ratio of 12.2. 
The two model configurations tested were the body aJLone the body- 
tail combination shown in figure 1. 


TESTS 


The testing program was divided into three parts, and the test 
conditions for each of these parte are listed in the following table: 


Test 


Average Re 
(millions) 


a 

Cd-eg) 

Pressure distrltutiorij 

1.52 

8.6 

0 

to 15 

tody alone 

1.52 

17.4 


0 

1.98 

8.6 

0 

to 5-1/2 

Force tests, tody alone ' 

1.52 

8.6 and i7.il- 

0 

to ill- 

1.98 

8.6 

0 

to li|- 

Force tests, tody— tall 

1.98 

8.6 and 17.i|- 

0 

to 6 


combination 


The static— pressure distributions were measured at 30^ increments in 
circumferential angle with a single longitudinal row of oidfioes on the 
model by rotating the model about its axis. Forc^test results for the 
body— tall combination at a Mach nuniber of 1.52 have not been presented 
because of lankncwn Interference effects on the tail surfaces due to the 
shock wave from the sting support and the reflected bow wave. 


REDUC?nON OF DATA 

Corrections to Experimental Results 


All of the experimental data have been reduced to coefficient form, 
and have been corrected for the effects of the nonuniform flow conditions 
existing in the wind tunnel. The free— stream static— pressure variations 
in the empty tunnel have been applied as corrections to the body pressure- 
distribution data by simple linear superposition. Corrections to 
pressure— distribution data due to the effect of streamr-angle variation 
were within the limits of accuracy of the data and have therefore been 
neglected. 
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The corrections to the force tests have been calculated by the 
n©thod of reference 4, In which the stream, euagle and pressure distribu- 
tion in the vertical, plane of synnnetry of the empty tunnel ar*e used. 

The avereige magnitudes of the toteO. corrections to Cj,, a.nd Cp^, due 
to stream flow nonuniformities are tabulated as follows: 


Mach 

number 

Coefficient 

Body alone 

Body-tail 

combination 

1.52 

CL 

0.02 



Cm 

.002 

— 


Cpp 

.007 

— 

1.98 

Cl 

.02 

0.03 


Cm 

.002 

.01 


Cpgt 

.009 

.003 


Precision of Results 


The precision of the experimental data was calculated from esti- 
mates of the lancertainty or possible error in the individual, measure- 
ments which entered izrto the determination of the angle of attack, the 
stream characteristics, and the aerodynamic coefficients. The probable 
uncertainty in the final results was determined by the method given in 
reference 5- The uncertainties in the lift, pitching-nioment, foredrag, 
and pressure coefficients axe tabulated as follows: 


Coefficient 

Cl 

Cm 

CDp 

Cp 


Body alone 

±0.018 

±.010 

±.006 

±.005 


Body-tail 

eombiriBtion 

±0.030 

±.012 

±.006 


The error in the angle-of-attack measurements is not greater than 
±0.15°. The free— stream Mach number, M^, is known acc\nrately within 
iO.005 at a given point in the stream; however, the variation of Mach 
number along the body axis was as much as ±0.02. Due to the fairly high 
rate of decrease in wind-tunnel stagnation temperature with tunnel operat- 
ing time, the variation in Reynolds number during each run was approxi- 
mately ±0.7 X 10® at both Mach numbers. 
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EESULTS AHD DISCDSSIOIT 
Pressure Distritutions 


The theoretical and experimental longit'udinal distributions -of pres- 
sure coefficient for the body alone at zero angle of attack are shown in 
figure 2, The experimental data from reference 1 are included for com- 
parison. Three theoretical ciirves based on the linearized theory of 
reference 6, the second-order theory of reference J, and the method of 
characteristics (see, e.g., reference 8) are also shown for comparison. 

It was noted in reference 1 that the experimental results obtained in 
that investigation were in good agreement with the distribution predicted 
by the theoretical expression developed in the report.^ Por the present 
investigation, the distribution predicted by the linearized theory 
(reference 6) is in best agreement with the experimental distribution 
for the forward 50 percent of the body length. Over the afterbody the 
magnitudes of the experimental pressure coefficients are, in general, 
less than predicted by any of the theories . Due to inherent experimental 
uncertainties involved in the data from both sources (the present inves- 
tigation and reference l), and because the differences in the theoretical 
results are small, no statement can be made as to which of the theories 
is the best for all of the test conditions. 

As predicted by theory, an increase in Mach number results in a 
decrease in pressmre coefficient over the forward 30 percent of the body 
length. Aft of the 30-percent point, althou^ theory predicts a decrease 
in the magnitude of the pressure coefficient with increase in Mach nujuber^ 
no conclusion can be drawn from the experimental data in this region 
because of the uncertainty in the individual pressirre measurements. 

The theoretical and experimental circumferential distributions of 
lifting-pressui*e coefficient for three angles of attack and six etrial 
length stations are presented in figure 3* Th® theoretical curves shown 
in this figure are based on the second— order theory of reference 7*^ 

Por stations forward of the maximum thickness, and at an angle of attack 
of 5»5°j the theoretical pressure recovery over the lee side of the body 
is small, and the agreement between theory and experiment is good. As 
the angle of attack is increased to 11® or to 15°, the theoretical pres- 
sure recovery increases, and the experimental data show a pressure 
recovery somewhat less than theory, indicating a large region of 

^The expression for the zero— lift pressure distribution developed inde— 
pendently by Luidens and Simon in reference 1 is identical with the 
result presented in reference 7 . 

®The equations for lifting-pressirre distribution obtained from refer- 
ences 1 , J, and 9 are identical to the order a®. 
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separated flew on the lee side of the body. Ror stations aft of the 
maximuTn thicleness^ the theoretical pressure recovery on the lee side of 
the body is large and the experiniental data indicate the presence of a 
sepeurated region even at an angle of attach of This separated 

region becomes progressively larger with increase in angle of attack and 
distance aft of the mazimum thickness point. At the most rearward posi- 
tion, the separated region extends even past the 90 ° point to the wind- 
ward side of the model. (See fig. 3(f).) 

The lifting-pressure distribution results of reference 1 are in 
good agreement with those of the present investigation; however, none of 
the data from reference 1 have been included in figure 3 as those data 
were obtained at slightly different angles of attack and different x/l 
stations. Since the tests of that reference were made for the same Mach 
number range, but for a Reynolds number of approximately 30 million as 
cong)ared to 8.6 milliosn for the data of this investigation, it may be 
concluded that any effects of Reynolds number on the lifting pressures 
are small within the 9° angle-of-attack range for which comparisons can 
be made. It hes been' shown in reference 2 that there is an incre.ase in 
lift with increase in Mach number; however, the pressure-distribution 
data of reference 1 and the present investigation do not show any conr- 
sistent change in lifting-pressure coefficients with Mach number. This 
anomaly probably results from the fact that within this low angle-of- 
attack range the increase in lift is small, and consequently the accom- 
panying change in local pressure coefficient is within the uncertainty 
of the data. However, it cannot be concluded from these comparisons 
that there are no appreciable Mach number effects on local lifting- 
pressure coefficient at angles of attewsk above 9° because, as will be 
shown later, the effect of Mach number on lift Increased markedly above 
an angle of attack of 10® or 12° for the test conditions of the present 
investigation. 


Body-Alone Force Tests 


!Htie variations of the aerodynamic coefficients and center-of— 
pressure position with angle of attack for the body alone are presented 
in figures k through 8. For comparison with these experimental results, 
theoretical curves based on the linearized potential theory of refer- 
ence 10 and the theory of reference 11 are shown. 

The linearized theory neglects any effects of viscosity and con- 
siders only the potential flow. The theory of reference 11 has been 
developed considering the leffects of viscosity on the cross flow for 
Inclined bodies of revolution, and the resulting equations for the aero- 
dynamic coefficients at moderate angles of attack are as follows: 
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C]2L 


2 a + n cd^ 

Cd^ - =(x) •*■ ’I °dc(^) 


vol— Sh ( Ir-Xm) 


al 

a + Ti Cl 

“ + n [XJKTjrJ 


( 1 ) 

(2) 

(3) 


The first term in each e<iuation is the linearized potential theory 
result, and the second term is the cross force resulting from a consider- 
ation of the effects of viscosity on the flow perpendicular to the body 
axis. In these equations, the numerical value of r\ depends primarily 
on the length-to-dlameter ratio of the body ar^d was essentially constant 
(tj = 0.7) for the test conditions of the present investigation. The 
value of ci^ depends on the Reynolds n umb er ajid Mach number normal to 
the axis of the body of revolution; therefore, the dependence of c^^ on 
free— stream Reynolds number and Mach number is through Re sin a 
Mq sin a. For the Reynolds numbers of this Investigation, no effect of 
Reynolds number on the cross— flow drag coefficient has been considered. 
For the tests at a Mach number of I. 52 , the Mach number normal to the 
axis of revolution was always less than 0.4; hence, in the calcxilations 
Cdc considered constant and equal to 1.2 throu^out the angle of 

atnack range. However, for the test at a Lfach number of 1.98^ "the normal 
Mach number (Mo sin a) exceeded 0.4 at an angle of attack of approxi- 
mately 12®. Therefore, the value of 04 ^ used in the calculations 
increased from 1.2 at 12 ° to 1.35 at 15°. (See reference 11.) Within 
this angle— of— attack range , 12° to 15 °^ the difference in the valtie of 
Cdc ^°^ *^^° ^tfferent free— stream Mach nuiibers results in the dlve 37 — 

gence of the force characteristics shown by the theoretical curves in 
figures 4, 5, 6, and 8. 


Lift .— The e35>erimental lift resiilts (fig. 4) for the body alone 
show reasonable aigreement with the curve predicted by the theory of 
reference 11. However, throughout most of the angle— of— attack range the 
magnitude of the experimental, lift is greater than predicted. At 12° 
angle of attack, the lift is 8 percent and 13 percent greater than the 
theoretical values at Mach numbers of I.52 and I.98, rospectiveJy, At 
this angle of attack, potential theory underestimate the lift by approxi- 
mately 70 percent. For angles of attack greater than 12^ at a Mach num- 
ber of 1.98, the experimental data show an Increase in lift with increase 
in Mo sin ot as predicted by the theory, although the magnitude of the 
increase is greater than predicted. 


A comparison of the data from reference 2 with that of the present 
investigation i nd icates that at a Mach nuiotoer of I .98 there is no 
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Eeyruolds munber effect in the range of 8.6 million to 31 million. 
However, for a Mach number of 1.5^ there is a decrease in lift with 
increase in Reynolds number from 8.6 million to 17*^ million but no fur- 
ther change within the Reynolds number range of 17.4 million to 29.1 mil- 
lion. In the higher angle— of— attack range , above 12 , the Mach number 1.5 
results of the present investigation indicate an effect opposite to that 
noted in the lower angle-of-attack range, that is, an increase in lift 
with an Increase in Reynolds number from 8.6 million to 17*4 million. 

Pitching mnTnfint .— Contrary to the results obtained by comparison of 
the theoretical and experimental lift characteristics, potential theory 
yields a pitching-moment curve which is in closer agreement with experi- 
mental results than is the curve for the theory of reference 11. (See 
fig. 5.) However, since both the lift and, as will be shown later, the 
center of pressure are unsatisfactorily predicted by potential theory, 
it is apparent that the agreement of the pitching moments must be con- 
sidered fortuitous. 

The data of reference 2 were obtained for a Ifach number range of 
1.49 to 1.98 at a Reynolds number of 30. million. For those tests the 
critical cross-flow Reynolds number based on the maximum body diameter 
was exceeded at an angle of attack of about 4®. The critical cross— flw 
Mach number was not exceeded since the angle— of— attack range was limited 
to 9^ a n d Mq sin a was therefore less than 0.4. The experimental data 
obtained for these test conditions did not show any of the unusual varia- 
tions in the aerodynamic forces which might have been expected as a 
result of exceeding the critical cross-flow Reynolds number. The data 
of the present investigation were obtained for a range of test conditions 
wherein both the critical cross-flow Reynolds number a33d critical cross- 
flow Mach number were exceeded. Since the theory of reference 11 pre- 
dicts variations in pitching moment due to either of these effects, it 
might be expected that certain unusual variations in pitching moment 
could result when both were exceeded. The experimental trends shown in 
figure 5 cannot be explained on the basis of the simple effects of either 
cross-flow Reynolds number or cross-flow Mach number. It should be men- 
tioned that a combination of Mach number and Eesnaolds number effects 
appear to have an influence different from that predicted by theory 
(reference 12). 

In contrast to the results from reference 2, experimental results 
from the tests of this investigation show an increase in pitching moment 
with increase in Mach number at angles of attack above about 4 « At 
angles of attack below 4^ any effects due to Mach nutaber are within the 
experimental unceartalnty • 

Center of pressure .— The variation of the position of the center of 
pressure with angle of attack for the body alone is shown in figure 6 • 
CoxBparison between theory experiment indicates that the center of 
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pressure predicted ty potential theory Is obviously In error at all 
angles of attack. Much better agreement with experiment is obtained 
from, the theory of reference 11. The center of pressure predicted by 
this latter theory is about two body diameters ahead, of the experimental 
center of pressure over an angle— of-attack range of 3® to l4®, whereas 
potential theory predicts a center of pressure which does not vary with 
angle of attack and is 13-body diameters ahead of the experimental posi- 
tion at l4° angle of attack. The experimental data show no discernible 
Ifech. nu.mber effect but do, however, show a forward shift of the center— 
of-pressure position with increase in Eeynolds number in the low angle— 
of— attack range . 

The experimental data from, reference 2 are in good agreement with 
the centei— of-pressure data from this investigation, but the results of 
that reference indicate a small rearward shift of center of pressure 
with increasing Ifach number. 

Eoredrag .— The foredrag res-ults for the body are presented in 
figure 7* Experimental values of mlTrtntmn pressure drag and skin-friction 
drag at 0® angle of attack are presented in the following table for com- 
parison with corresponding theoretical results ceJ.culated by several 
different methods . 


Minimum foredrag results 


Mach number 

EejTiolds number — millions 

1. ExperinentaJL minimum Cpgi 
Pressure drag coefficients 

2. Linear theory 

3. Ifethod of characteristics 

4. Experiment 

SkLnr-frlction drag coefficients 
Laminar incospressible 

6. Turbulent craiipressible 

(von Barman, reference 13) 

7. Turbulent compressible 

(Wilson, reference l4) 

8. Experiment [(l)— (4)] 


1.52 

8.6 

.115 

.051 

.045 

.050 

.016 

.081j. 

.096 

.065 


1.52 

17.4 

.126 

.051 

.045 

.050 

.012 

.074 

.085 

.076 


1.98 

8.6 

.115 

.048 

.040 

.043 

.016 

.065 

.087 

.072 


A conparison of the experimented and theoretical pressure drags on 
the body shows that the experimental values of the pressure drag agree 
with linear theory at a Mach number of 1.52. However, at a Mach nuniber 
of 1.98 the pressure drag calculated from linear theory is about 10 per- 
cent too high. 

The theoretical skin-ftriction drag coefficients shown in the above 
table were based on flat-plate skin-friction coefficients were 
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calculated with the assiimptlon that congiletely 1 am1 na.r or con^iletely 
turbulent boundary-layer flow existed on the body. 23ie experimental 
shin-friction coefficient was obtained as the difference between the 
experimental foredrag and pressure-drag coefficients. For the lower 
Eeynolds number tests at a Mach number of 1.52> it is apparent that a 
laminar boundary layer existed over an appreciable portion of the body 
surface since the most optimistic theoretical estimate of the turbulent 
skin-friction drag coefficient (reference 13) was considerably greater 
than the experimental result . ^ increase in Eeynolds nuniber at this 

Ifech number was accompanied by an increase in the skin-friction drag 
coefficient. Had the boundary layer been completely turbulent at the 
lower Eeynolds number, the skin-friction drag coefficient would have 
decreased with increasing Eeynolds number. Hence, the increase in skin- 
friction drag coefficient that was observed must have resulted from 
upstream movement of the transition point, with the result that at 
higher Eeynolds numbers a larger portion of .the body surface was subject 
to turbulent boundary-layer flow. No conclusion can be stated with 
regard to the correct theoreticeil value for the sktnr-friction drag coef- 
ficient nor the Eeynolds number of transition because of the unknown 
effects of the free— stream turbulence level and the nonimiformities of 
the air stream. Since it is believed that an appreciable amount of 
laminar-boundary-layer flow existed on the model for the higher Eeynolds 
number tests at a Mach number of 1.^2, the agreement of von Ed(rm^'s 
turbulent, con^iressible skinrfriction coefficients with experiment is 
considered fortuitous. Other investigators (e.g., Wilson in reference l4) 
have found that the values of skinr-friction coefficient obtained from 
von turbulent compressible flow equation are lower than experi- 

mental values. 

The experimental results of the present investigation show no per- 
ceptible change in minimum foredrag coefficient with increase in Mach 
number, but as would be expected with partly laminar-flow conditions 
there was an increase in miTiiTrom foredrag coefficient with increase in 
Eeynolds nxunber from 8.6 to 17.^ millions. Comparison of these resiolts 
with the results frcm reference 2 for a Eeynolds number of 30 million 
shows no difference in minimum foredrag coefficient at Eeynolds nuiobers 
of 17.^ and 30 millions. 

The theoretical and experimenteO. results for the increment of fore- 
drag due to angle of attack are presented in figure 8. As expected, the 
agreement between the theoretical aud experimental, drag rise was similar 
to that obtained for the lift in figure 4. These results are also in 
agreement with the foredrag-rise results from reference 2. 
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Body^ail Combination Force Tests 


Lift .— The experimental and theoretical lift characteristics for 
this configuration are shown in figure 9» The theoretical lift of the 
body— tail combination was calculated by adding the lift due to the body 
alone to that due to the tail alone with no consideration being given to 
Interference effects. The lift due to the body alone and the tail alone 
was calculated by the methods of references 11 and 15 ^ respectively. 

Two theoretical curves are shown. The curve which predicts the higher 
lift was obtained by assuming the area of the tail enclosed within the 
body to be fully effective in lift, and the second theoretical curve 
results from assuioing only the exposed surfaces to be effective. The 
data of figure 9 show that neither assumption is correct; however, the 
experimental data is bracketed by these theoretical curves. 

Theory indicates a small increase in lift— curve slope with increase 
in angle of attack, but the experimental lift— curve slope was essentially 
constant throughout the angle— of-attack range. These lift results for 
test Eeynolds numbers of 8.6 million and 17.^ million are in agreement 
with the results from reference 2 at a Eeynolds number of 30 million, 
with the exception that the data of that report do show a small increase 
in lift— curve slope with increasing angle of attack similar to that pre- 
dicted by theory. 

Pitching moment and center of pressure.— The variations of pitching 
momenF^md center of pressure with angle of attack are shown in figures 
10 and 11; Theoretical values of the pitching moment were not calculated 
because of the uncertainty of the center-of-pressirre position for the 
tail surfaces in the presence of the body. 

The slope of the pitching-moment curve of figure 10 is constant 
throughout the angle-of-attack range. The center-of-pressure position 
(fig. 11 ) is constant for all angles of attack and is located 10.3 diam- 
eters behind the nose of the missile. These results are in good agree- 
ment with the data from reference 2, ft-nfl any deviations in pitching 
moment or center of pressure are small and within the uncertainty of the 
data. 


From a comparison of the results of this investigation with those 
from reference 2 it may be concluded that any effects of Eeynolds mamber 
are small within the range of Eeynolds numbers from 8.6 million to 
30 million. 

Foredrag .— The variations in foredrag coefficient and increment of 
foredrag coefficient due to angle of attack are shown in figures 12 and 
13 . The theoretical rise in foredrag coefficient due to lift was calcu- 
lated in the same manner as the theoretical lift — that is, by adding the 


ih 
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conponent diie to the hody alone to that due to the tall alone. As 
before^ the coii^>onents vere obtained by the methods of references 11 and 
1^ vlth the same assur^lons regarding the effective tall area being 
made. In this Instance ^ the assumption that only the exposed tall sur- 
faces are effective In lift yields a good approximation for the drag 
rise. The data of figures 12 and 13 Indicate that euay effects of 
Eeynolds number vlthln the range of 8.6 million to 17 .-4 million are 
small and vlthln the uncertainty of the data. However, comparison of 
the drag data of this report vlth that of reference 2 Indicates that 
there Is a Eeynolds number effect on mi n^ mnm foredrag In the range of 
Eeynolds numbers from 17.^ million to 30 million, since the minimum fore- 
drag coefficient obtained in that reference vas about l6 percent higher 
than vas obtained in the present investigation. It has been previously 
shown that there Is no apparent Eeyziolds number effect on the body-alone 
minimum foredrag coefficient In this range; therefore, the Increase In 
minimum foredrag coefficient must result from a Eeynolds number effect 
on the tall fins and/or the zero-lift interference drag. The increase 
in the skin-friction drag which would accompany a change from laminar to 
turbulent flow on the tail fins alcoie is of the same order of magnitude 
as the measured difference in minimum foredrag. 


SDWMABT OF EESDLTS 


An investigation of the pressure distribution over the EM-10 body 
and the aerodynamic force coefficients for the body alone and the body- 
tall combination was made at Eeynolds numbers , based on body length, of 
8.6 million and 17.i|- million. The test Mach numbers were 1.52 and 1.98 
for the body alone and I.98 for the body--tall combination. 

The tests for the body alone indicate the following results; 

1. At zero angle of attack, the linear theory of NA.CA TN IO8I 
showed good agreement with the experimental pressure distribution over 
the first 50 percent of the body length. Over the remainder of the body 
the magnitudes of the pressure coefficients were, in general, less than 
predicted by any of the theories. 

2. Except for the aft leeward regions of the body where separation 
effects are important at high angles of attack, inviscid theory (see, 
e.g., MCA TN 20W-) was in good agreement with the experimental lifting- 
pressure distributions. 

3. for angles of attack less than 9°^ a comparison of the lifting- 
pressure distribution results of MCA EM E5QD10 with the results of this 
investigation indicated that there were no appreciable. Mach nuDber or 
Eeynolds nturiber effects due to an increase in Mach number from 1.52 to 
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1.98 or an increase in Eejnolds number from 8.6 million to 30 million. 

h. For the force tests on the body alone, the theory of KA.CA 
EM A9126 showed better agreenent with the experimental, results than did 
linearized potential theory. These theoretical results (EACA EM A 9 I 26 ) 
agreed well with the experimental lift and foredrag increment at a l&ch 
number of 1 . 52 , but underestimated both at a Jfech number of I.98. This 
theory overestimated the pitching moment at both Mach numbers but pre- 
dicted the location and aft movement of the center— of— pressure position 
with angle of attack much better than did potential theory. 

5. For angles of attack less than 9 °, a con5)arlson of force data 
from BACA EM 150 D 28 with force data from this investigation indicated 
that any effects on force characteristics due to a change in Ee3rnolds 
number from 8.6 million to 30 million were small. 

The tests for the body^tail combination indicate the following 
results : 


1 . For the angle— of-attack range of this test, the lift and pitch- 
ing moment were linear functions of the angle of attack; hence, the center 
of pressure remained at a fixed position. 

2 . Comparison of the results of this investigation with the results 
of HACA EM E5OD28 indicates that, with the exception of minimum foredrag, 
the effect of Eeynolds number on force and moment characteristics was 
small in the rainge of Eeynolds nuiiibers from 8.6 million to 30 million. 

The minimum foredrag increased approximately I6 percent with an increase 
of Eeynolds number from 17.4 million to 30 million. 


Ames Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Moffett Field, Calif. 
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Figure 2. -—Longifudinai asmimon of pressure coefndenr for fne body of 0" angie of attack. 
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Igure 3. —Variation of circumferential iifting-pressure coefficient for the body 

at three angles of attack. 
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Figure 3.- Continued. 
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Figure 3.— Continued. 
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Figure 3. - Concluded. 
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Figwe IL— Varhfion of c&nter-of-pmssure position with angle of affadt for the body-tail combination 

at a Mach number of i.98. 
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